Objectives: Despite wide access to gynecological and obstetric advice, informational campaigns, and information online and in magazines aimed at pregnant women, there is a worryingly high percentage of women who still do not use recommended dietary supplementation. The aim of this study was to assess the frequency of micronutrient supplementation by pregnant women and to specify the determinants that impact decisions concerning supplementation.
INTRODUCTION
The Polish Society of Gynecologists and Obstetricians recommend the supplementation of folic acid, vitamin D, iodine and PUFA to all women planning to become pregnant as well as those who are pregnant or breastfeeding [1] . Nevertheless, despite the wide access to gynecological and obstetric advice as well as informational campaigns and the distribution of information online and in magazines aimed at pregnant women, there is a worryingly high percentage of women who still do not use neither proper supplementation nor maintain a balanced diet during pregnancy. National data has shown that the use of supplements are still neglected [2, 3] . Other studies carried out in various countries worldwide clearly demonstrate that mistakes in diet and supplementation are a global health problem [4] [5] [6] [7] [8] . There are many factors that may have impact on the decision to take supplements during pregnancy, among them socio-economic status, place of residence and level of education are often highlighted [4] [5] [6] [7] 9] . Contact with health professionals is often mentioned as a major source of knowledge about supplementation and as the determinant of whether a woman will adhere to supplementation guidelines [5] [6] [7] . Better understanding of the factors relating to the use of dietary supplements in Poland may be beneficial in identifying women who are at a higher risk of micronutrient deficiency during pregnancy.
OBJECTIvES
The aim of this study was to assess the frequency of micronutrient supplementation by pregnant women and to specify the determinants that impact decisions concerning supplementation, with the aim of identifying groups of women who are particularly prone to the occurrence of micronutrient deficiencies.
MATERIAL AND METHODS
A cross-sectional survey was conducted between June 2016 and May 2017. The study group consisted of pregnant women attending gynecological and obstetric clinics in the Silesia region, who completed an authorised questionnaire prepared for the purpose of the study. The questionnaire included 37 questions related to the dietary habits and micronutrient supplementation during pregnancy. The questions also addressed socio-economic status, course of pregnancy, quality and amount of eaten meals as well as used stimulants. Additionally, questions assessing main sources of knowledge about proper nutrition in pregnancy and whether the decision to supplement was taken after the consultation with a health professional were included. The composition of multivitamin and multimineral supplements provided in the questionnaire was analysed with the use of professional drugs and supplements databases. The questionnaire was previously validated in a pilot study where 54 women completed the survey twice, two days apart. Depending on the question and subscale, Cronbach's alpha ranged between 0.72-0.92, the kappa coefficient ranged from 0.62 to 0.95. Participation in the study was voluntary and anonymous. Completed questionnaires were obtained from 505 pregnant women (response rate: 84%).
Subjects were classified into one of three groups based on their place of residence: rural, cities up to 100,000 residents, or cities above 100,000 residents. Depending on the material status, the following groups were separated: people with unsatisfactory, moderate or satisfactory financial situation. In regards to education level, women with higher education and those without higher education were distinguished. The data was analyzed with SAS 9.4 Software (SAS Institute Inc., USA). Normality of distributions of continuous variables was assessed by the Shapiro-Wilk test. Statistical significance of differences between continuous variables were analysed by the independent samples t-test or the Mann-Whitney U test, if the assumptions for the t-test were not met. Distribution of categorical variables were shown by frequencies and proportions along with 95% confidence intervals. Statistical testing to compare between categorical variables was completed using the independent samples chi-square test. Multivariable analysis was done using logistic regression procedure for the variables with statistically significant differences between groups. Statistical inference was based on the criterion p < 0.05.
RESULTS
The average age of the respondents was 29.6 ± 5.3 years (range . Half of the group were primigravidas (i.e. had not been pregnant before). Most of the women were in a single pregnancy (92.3%), 6.3% of the respondents declared plural pregnancy and 1.4% were unable to determine the multiplicity of pregnancies. An earlier miscarriage was declared by 13.6% of women. In a multiple-choice question, women were asked to name their main source of knowledge about proper nutrition during pregnancy. The result of this question revealed that most women indicated the Internet (61%) and medical staff -either doctor or midwife -(56%) was their main source of knowledge about pregnancy. Other detailed characteristics of qualitative variables are presented in Table 1 .
Microminerals and vitamins supplementation during pregnancy was declared by 410 (81.2%) of women. The most often used supplement was folic acid (62%). More than one-third of pregnant women (38.4%) declared vitamin D intake. Among the recommended supplements, the least commonly used (24.6%) were polyunsaturated fatty acids (PUFA).
The largest proportion of supplementation use by women was among: citizens of urban areas, those whose source of knowledge was the Internet, those who were better educated, those who indicated a satisfactory financial situation and those with history of a miscarriage in the past. Detailed data are presented in Table 2 .
Results of multivariable analysis confirmed (Tab. 3) that pregnant women who are better educated and those with earlier miscarry show a statistically significant increased rate of supplementation use. Moreover, the factor significantly associated with supplementation is the higher financial status of family.
DISCUSSION
The Polish Society of Gynecologists recommends supplementation of folic acid, vitamin D and iodine for all pregnant women. Other beneficial substances, which should be used depending on the risk of shortages, are: iron, magnesium and polyunsaturated omega-3 fatty acids (especially DHA -docosahexaenoic acid) [1] .
Our study shows that the utilization of the aforementioned supplements among pregnant women is still unsatisfactory. The largest proportion of women supplemented folic acid, and the smallest PUFA: 62% and 24.6%, respec-www. journals.viamedica.pl/ginekologia_polska tively. Statistical analysis showed that factors contributing to supplementation use during pregnancy are past history of miscarriage and socioeconomic factors, such as: place of residence, financial situation and level of education. In general, inhabitants of larger cities, women with a better self-perceived financial situation, women with a higher education level and those presenting past history of miscarriage took the supplements significantly more often. According to the results of multivariate logistic regression analysis, past history of miscarriage turned out to be the only determinant significant for all of the studied supplements. Higher education was valid for all supplements, apart from folic acid. Living in larger cities (above 100,000 inhabitants) was a significant determinant of taking iodine and magnesium, while having an improved financial status was a determinant of whether PUFA, iron and vitamin D were taken. At the same time being an active worker showed no relation to supplement usage. The decision on supplementation was most frequently taken after the consultation with health professionals, while Internet was mentioned as the main source of knowledge about supplementation in pregnancy by the largest proportion of participants. The need for dietary supplementation during pregnancy has been well studied and confirmed. Folate deficiency is strongly correlated with neural tube defects (NTD) in the fetus, but it may also contribute to poor fetal development and higher incidence of small for gestational age (SGA) in neonates, as well as preeclampsia in mothers [1, [10] [11] [12] . Vitamin D is involved with proper bone mineralization, assisting in the regulation of gene transcription and playing a crucial role in the modulatory role in the immunological system [1] . Its deficiency may lead to hypocalcemia and an increased www. journals.viamedica.pl/ginekologia_polska risk of preterm birth and low birth weight in neonates, as well as pre-eclampsia in pregnant women. However, recent data has shown that the impact of low levels of 25-hydroxyvitamin D during pregnancy may also contribute to development of eczema, wheezing and asthma in children [13, 14] . Iodine deficiency may lead to hypothyroidism in both mother and child. In addition, it may also impair the neurological development of the child, which in extreme cases, if no treatment is initiated, could lead even to cretinism [15] . Iron deficiency, which is the most common pregnancy nutritional shortage in the world, can result in anemia in pregnant women and may cause intrauterine growth retardation, low birth weight, preterm birth, as well as late effects, resulting from intrauterine programming process, in the child [16, 17] . PUFA, especially DHA supplementation may not only lower the risk of preterm birth, but also similarly to vitamin D, reduces the risk of the child developing allergic diseases in the future [18, 19] . Despite clear recommendations, inadequate dietary supplementation in pregnancy is still an important issue as not all women follow the supplementation guidelines. Our study has shown that 62% of the respondents used folic acid. This proportion is lower than observed in similar studies conducted in Łódź (75.7%) and in the Kielce Region (87.4%) [2, 3] . Research from other countries have shown that the usage of folic acid among pregnant women is lower in less wealthy countries than in wealthier countries. For example, the study performed in Pakistan showed that only 38% of pregnant women supplemented folates, which stands in contrast to 95% supplementation in Denmark [4, 5] .
In our research, we found that vitamin D usage was low, even though it was the second most popular micronutrient (38.4% supplementation). In comparison, the study performed in Łódź showed that vitamin D was supplemented by a higher proportion of pregnant women (64.7%) [20] . It is worth mentioning that data from other countries provides the evidence that low vitamin D supplementation is an international issue. Results from the EuroPrevall cohort study performed in 9 European countries showed that the usage of vitamin D specific supplements ranged from only 0.3% in Spain to 5.1% in Lithuania and multivitamin supplements from 21.7% in Spain to 87.7% in Poland [21] .
In the current study, only 34.5% of respondents supplemented iodine. This proportion was lower than the 45.3% observed in Łódź and the 59% in a questionnaire study conducted in the Kraków region [22, 23] . It is worth to mention that the slight differences between studies may be partially a result of different gestational ages within study populations. The first of the mentioned studies showed that the proportion of women using iodine supplementation increased with the advancement of the pregnancy and was highest in the third trimester, whereas questionnaire study in the Kraków region was performed postpartum, on the obstetric ward [22, 23] .
Data on the frequency of iron supplementation in Poland is scarce and there are substantial differences between studies. In our study, the supplementation of iron was low, reported by only 34.9% of pregnant women. Another study performed on a group of pregnant women at obstetric clinics in Warsaw showed that up to 80% of those involved in the study used iron supplements at any time during pregnancy [24] . In contrast, Sobek et al. observed that only 19.8% of respondents from a study based in the Podkarpacie Voivodship supplemented iron [25] . As it was mentioned before, diverse results across studies may result from factors relating to different gestational age, as the first of the mentioned questionnaires was addressed to women in the perinatal period.
PUFA turned out to be the least popular micronutrient in the studied population, used only by 24.6% of respondents. Similar results were obtained in a study performed in Kielce region, Poland (34.1%), as well as those reported in a nationwide German survey (27.8%). This may suggest that PUFA are not commonly known in society [3, 26] .
Despite existing recommendations and the known positive effects of the aforementioned micronutrients, their supplementation is not popular among pregnant women. In our study, apart from folic acid, all of the micronutrients mentioned above were supplemented by less than half of respondents. Studies from various countries like Denmark, Netherlands, Poland, Romania, Turkey and Pakistan reveal that low adherence to existing guidelines on proper nutrition and supplementation during pregnancy is a global concern [3] [4] [5] [6] [7] [8] . There are many factors that may contribute to a woman's adherence to nutrient supplementation during pregnancy, however most of the studies, similarly to ours, emphasize the role of socio-economic factors. Education frequently correlates with the nutritional knowledge of pregnant women. Interestingly, in our study, folic acid was the only micronutrient that was supplemented with similar frequency, regardless of the level of education of a woman. It was the most popular supplement among all pregnant women indicating that its role in pregnancy is rather well known in society. In contrast, most of the studies show that level of education is an important determinant in regards to the use of other supplements as well as folic acid use [4-7, 9, 27] . Research from Romania revealed that above average nutritional knowledge was a strong determinant of folic acid, iron and multivitamins supplementation in pregnancy [6] . Similar to our results, other studies observed that women with higher incomes used supplementation more often [4, 7, 27, 28] . This fact is not a surprise, as most of supplements are not subsidized, therefore they can be a substantial financial burden on a family's budget. The financial aspect of women's adherence to supplementation guidelines can be also seen at whole country and society level, as micronutrient supplementation is more popular in wealthier countries, such as the example between Denmark and Pakistan [4, 5] . On the other hand, better financial situations are almost always correlated with higher educational level, so the impact of these two factors cannot be easily assessed independently. Place of residence is another important factor determining supplementation in pregnancy. In our study, a significant number of women living in larger cities used all recommended micronutrients more frequently in comparison to those living in rural areas. These findings are consistent with those observed in other studies within Poland and in other countries [3, 29] . An explanation for this trend may be a relationship between place of residence and financial situation. Inhabitants of larger cities not only earn more money than their rural counterparts, but they also have better access to health care units in urbanized areas. Studies report that higher utilization of antenatal care correlates with higher frequency of dietary supplements use by pregnant [4, 6] . This fact is also reflected by our results, as women predominantly decided to use micronutrient supplementation after consulting to a doctor and/or a midwife. However, quite surprisingly, rather than health professionals, the Internet was cited as the main source of knowledge among the majority of respondents, unlike in many other studies [4, 7] .
One of the most interesting findings of our study was the correlation of past history of miscarriage with micronutrient supplementation. An international cross-sectional study concerning mental models of pregnancy provided some insight for this fact. It revealed that women of general good health and no history of miscarriage most frequently did not perceive that they are susceptible to the negative effects of folate deficiency and more often did not use folic acid supplementation in comparison to those with health problems [30] .
We are aware of the limitations of our study. First of all, our study does not provide information about the dose of the supplements used, which is an important issue. For example, the cited Danish study revealed that even though 95% of respondents reported using folate supplementation at any time during pregnancy, only 10% of them supplemented folic acid following the recommended doses and timing [5] . Studies with different approaches, measuring the exact daily vitamin consumption, prove that it is insufficient among Polish pregnant women [31] . Secondly, the stage of pregnancy was not included in the analysis, and as it was mentioned before, the proportion of women using supplements increases with the time of pregnancy [22] . Finally, we also have acknowledged that there is not a sufficient number of subjects in our study and that future study among a larger population is needed.
However, our study uses a validated questionnaire to provide high quality data derived from personal interviews with pregnant women. In addition, our study group is one of the largest in Poland studying the topic of supplementation use during pregnancy, a topic in which data are scarce. Therefore our research contributes a step towards a better understanding of this important issue.
CONCLUSIONS
Despite increasing knowledge about the importance of healthy diet with supplementation of several key micronutrients, many women still do not follow the recommendations of medical scientific boards. Lower levels of education, low-income status, lack of professional activity and living in rural localities are among the factors correlating with poor adherence to supplementation guidelines. Further actions aimed at the increasing women's awareness of the importance of micronutrient supplementation during pregnancy are needed. Particularly healthcare practitioners should raise awareness of the advantages of supplementation among their patients, as decisions on supplementation use are predominantly made after consultation with a doctor. However, better utilizing different types of media, especially the Internet due to its frequent use as source of knowledge, should be considered as well. Improving women's adherence to the guidelines is crucial for public health as well as confer direct positive benefits to both maternal and child health.
